A b s t r a c t. This paper applies the threshold cointegration technique developed by Enders and Siklos (2001) to investigate the impact of an oil price changes on changes in production and inflation in the presence of structural break in seven European Union countries. This technique will allow for a different speed of adjustment to the long-run equilibrium depending on whether production in selected economies is above or below the long-run relationship. Given the presence of asymmetric cointegration between oil prices, production and inflation, we estimate threshold error correction models to examine long-and short-run Granger causality. We found evidence for cointegration with asymmetric adjustment in the case of France, Denmark and the total EU. K e y w o r d s: asymmetric adjustment, oil price shocks, threshold cointegration, nonlinearity, threshold error correction model. J E L Classification: C32, E23, E32, Q43.
Introduction
The relationship between oil prices and macroeconomy has drawn attention in many recent studies. Oil shocks have important effects on economic activity and macroeconomic policy of many countries. Barsky and Kilian (2004) shows that the economic slowdowns and increases of inflation rates can be leaded by huge and sudden increases in oil prices. Also, Brown and Yucel (2002) and Lardic and Mignon (2006) presented explanations of the oil price shocks on economic activity. The rises in the crude oil prices are transferred on the energy prices through the price of petroleum products. The rise in the energy price causes an decrease in productivity, which is passed on to real wages, unemployment, inflation, investment or stock prices. Therefore, it is important to investigate how the oil price shock are transmitted into economic activity, both in the short-run and long-run perspective.
The main goal of this study is to examine the dynamics between Brent oil prices and economic activity (described by the production and inflation) in the presence of structural break due to financial crisis. The error correction model with threshold cointegration is employed for the analysis of short-run relationship with non-linear long-term adjustment between production, inflation and oil prices. We assume two long-run relationships: first equation without taking into account a structural break and second equation including a structural break due to financial crisis in 2008. The analysis uses the nonlinear threshold cointegration elaborated by Enders and Granger (1998) and Enders and Siklos (2001) . This technique will allow for a different speed of adjustment to the long-run equilibrium depending on whether production in selected economies is above or below the long-run relationship. At the end, an error correction model with threshold cointegration is utilized to analyze the short-run and long-run Granger causality. In the analysis the monthly data of Brent crude oil prices from 1995:01 to 2014:04, industry production index and consumer price index for the European Union economy and six European countries: Germany, France, Denmark, Nederland, Poland and Czech Republic are used. The data were taken from the U.S. Energy Information Administration database, the OECD database and Eurostat database. These economies have been selected on the basis of three criteria: level of economic growth, structure of net imports of crude oil and gas, and structure of final energy consumption in industry. Characteristics of countries according to selected criteria is presented in Table 1 .
Besides these six economies, the total EU was taken into account when investigating the relationship between oil prices, production and inflation. This will allow to compare the results for chosen six economies and total average for the EU. Two highly developed countries in the EU with the highest GDP in 2012, the highest net imports of crude oil and gas in 2012 and the highest final energy consumption in industry (Germany 61.15 Mtoe; France 29.58 Mtoe).
Nederland (NL) Denmark (DN)
Two highly developed countries in the EU economies with different structure of imports and exports of crude oil and/or gas. Nederland is a gas net exporter and crude oil net importer. Denmark is a net exporter of both, crude oil and gas.
Poland (PL) Czech Republic (CZ)
Two developing countries in the EU with the highest economic growth in 2012 among Central and Eastern Europe countries (CEE). Poland and Czech Republic are countries with the highest net imports of crude oil and gas in 2012 and the highest final energy consumption in industry among the CEE countries.
The plan of this paper is as follows. Section 1 presents the empirical literature review. Section 2 reviews the methodology applied in this paper. Empirical results of threshold cointegration and Granger-causality test based on threshold error correction model are presented in Section 3 and Section 4. The last section draws some conclusions.
A Brief Overview of the Empirical Studies
Many studies are available which offer different theoretical explanations for the relationship between oil price changes and the level of economic activity. Hamilton (1983) using post-war data found a statistically significant relationship between oil price changes and GDP in US economy. Gisser and Godwin (1986) and Burbridge and Harrison (1984) , among others, confirm the Hamilton's results. They identified the causal relationship between oil prices and economic variables, i.e. real GDP, general price level, rate of unemployment and real investment. Gisser and Goodwin (1986) indicated for the analyzed period from 1961 to 1982 that the oil prices had not lost its potential to predict GDP growth. They showed also, that oil shocks have an impact on production by other means than inflationary cost-push effects. They confirmed Hamilton's (1983) results about negative correlation between oil prices and real output in United States. Burbidge and Harrison (1984) found similar correlations for other industrialized countries.
A number of authors have suggested that the relation between oil price shocks and economic variables is nonlinear. Linear approximation to the relation between oil price shock and macroeconomic activity may appear unstable over time. It is caused by shifts in the process generating oil prices (Mork, 1989; Hamilton, 1996; Davis and Haltiwanger, 2001) . This means that the economic activity may respond asymmetrically to positive and negative oil price shocks, i.e. the increases of oil prices slow the economy more than the decreases of oil prices stimulate it (Brown and Yucel, 2002) . The impact of oil price decreases is not always positive, indeed these decreases may slow output growth down. Mork (1989) shows that the relationship between oil price changes and real GNP growth for the U.S. economy breaks down when the analysis is extended to include the oil price collapse of 1986. Hence, Mork (1989) decided to test the influence of declines and increases in oil price on the economic growth, he showed that the coefficient on oil price increases are highly significant and negative. In another work, Mork et al. (1994) showed that for the most of European countries a negative relationship between oil price increases and GDP growth occurs. However, evidence for the causal relationship between oil prices and economic growth was not always confirmed in empirical studies. For example Hooker (1996) found some evidence that oil prices are no longer Granger cause of GDP. In direct response to this empirical work, Hamilton (1996) showed new measure (net oil price increases-NOPI-difference between oil price level and the maximum price of the previous four quarters) which was able to detect a significant relationship between oil prices and real GDP. The NOPImeasure from assumption is the measure of rapid and huge changes in oil prices.
According to most empirical studies the rising oil prices lead to real GDP loses and it is consistent with the economic theory, though, it is possible to find the positive response of production to changes in oil prices. This kind of findings, however, should not be treated as inconsistent with economic theory since, as Bernanke et. al (1997) showed on the example of the U.S. economy, the response of production to an oil price shock may be different depending on the response of monetary policy to oil prices shocks (i.e. whether the federal funds rate is constrained to be constant than in the case in which monetary policy is unconstrained). If the federal funds rate is held constant, a positive oil price shock leads to an increase in real GDP. In the unconstrained case, a positive oil prices shock leads to a decline in real GDP. Similar findings concern the response of GDP to changes in inflation, i.e. although the economic theory indicates that movements in inflation cause a decrease in production, there are some empirical findings indicating the opposite direction of relationship. The reason why increases in inflation have positive influence on economic growth can be explained in the framework of the optimal rate of inflation (Friedman, 1976; Belka, 1986; Barro, 1995) . If the inflation is below the optimal level, then the reaction of production is positive (slight increase to the optimal level of inflation stimulates the economic growth). While, the impact of inflation on production is negative (an increase in inflation causes a decrease in production) when consumer price level is higher than the optimal one.
Most of empirical literature on relationships between oil prices and economic activity focuses on the US economy. Europe, despite of economic size and huge oil import, has received relatively less attention. Only few studies focus on this issue, e.g. Scholtens and Yurtsever (2012) and Arouri (2011) investigated how European industries responded to oil price shock. They found that the impact of oil price shocks substantially differed along the different industries. They also found that the significance of the result differs along the various oil price specifications. To studies considering this relationship for some European countries belong the papers by JimenezRodriguez and Sanchez (2005) and Papapetrou (2001) . The former confirmed positive effects of oil price decreases on output for Japan, Germany, France, Canada, Norway and the United Kingdom. And the latter found causal relationship from oil prices to industrial production, employment and share prices in Greek economy. To our knowledge, there is no such study which considers the relationship between oil prices changes and economic activity using threshold cointegration methodology with non-linear adjustment for the countries studied in this paper.
Methodology
To test the relationship between Brent oil prices and economic activity (described by the production and inflation) in the asymmetric framework the threshold cointegration technique developed by Enders and Granger (1998) and Enders and Siklos (2001) is used. Similarly to Engle-Granger (1987) procedure, this is indeed a residual-based two-stage estimation. In the first stage the long-run relationship between production, inflation and oil prices is considered, e.g. in the following form:
where t P − stands for production, t B − for oil prices and t In − for inflation,
The second stage focuses on the coefficient estimates of 1  and 2  in the following regression:
where t  is a white noise disturbance.
Term I t is the Heaviside indicator function
where  is the threshold value.
Then, equation (2) is a threshold autoregressive (TAR) model of the disequilibrium error. If the Heaviside indicator depends not on levels but on changes of  t−1 , then it is specified as
This model is termed the momentum threshold autoregressive (M-TAR) model. The TAR framework is designed to capture potential asymmetric movements in residuals  t when they are above or below the long-run equilibrium, while the M-TAR framework − the direction of these movements, in other words their momentum (Fosten et. al, 2012) .
The necessary and sufficient condition for t  to be stationary is:
for any threshold value  (Petruccelli, Woolford, 1984) . If these conditions are satisfied and threshold value  is set to zero (as occurs in many economic applications), 0  t  can be considered as the long-run equilibrium value of the sequence. If t  is higher than the longrun equilibrium, the adjustment is ,
 is lower than the longrun equilibrium, the adjustment is .
In general, the threshold value  has to be estimated along with the values of adjustment parameters 1  and .
2
 In our studies we follow Enders and Siklos (2001) and Yau and Nieh (2009) by employing Chan's (1993) methodology of searching the consistent estimates of threshold value. Testing for threshold cointegration is performed in two steps. First, the null hypothesis of no cointegration 0 :
is tested, and when it is rejected, then the null hypothesis of symmetric adjustment, , :
To test the first hypothesis Enders and Siklos (2001) proposed the   statistics which under the null of no cointegration has a non standard distribution. The critical values for this non standard   statistics are tabulated in their paper. The second null hypothesis of asymmetric adjustment is tested using the standard F statistics. Rejecting both the null hypotheses implies the existence of threshold cointegration with asymmetric adjustment. Given the threshold cointegration is found, the next step proceeds with the Granger-causality test using threshold (or momentum-threshold) error correction model (TAR-ECM or M-TAR-ECM) (Enders, Granger, 1998; Enders, Siklos, 2001 ). This model is expressed as the following:
v is a white noise disturbance. The longrun causality is determined by the parameters 1  and .
 The short-run causality is governed by the parameters ,
 and i  and may come either from its own history of lagged dynamics or from the lagged effects of changes in real GDP (and square real GDP) and/or some additional explanatory variables (e.g. energy consumption). It is also desirable to check whether this two sources of causation are jointly significant.
Threshold Cointegration -Empirical Analysis
In this section, an integration and threshold cointegration analysis between Brent oil prices, production and inflation in German, France, Nederland, Denmark, Poland, Czech Republic and European Union economies are discussed. The data consist of seasonally adjusted monthly industrial production index at constant prices of 2010, consumer price index for the EU countries (corresponding month of previous year = 100) and Brent crude oil prices from January 1995 to April 2014. For seasonal adjustment the TRA-MO/SEATS procedure was used. Each time series has been transformed using the natural logarithm. Then empirical threshold error correction models for oil prices, inflation and production are constructed to study short and long-run causality.
To assess the time series properties of the data, we examine the order of integration for all variables involved. We run the conventional unit root test, the Augmented Dickey-Fuller test.
Findings from the ADF test, as shown in Table 2 , reveal that each series is integrated of first order, I (1), at least at the 5% significance level.
Since the studied time span includes the period 2008-2009 when the financial crisis occurred 1 and the presence of a structural break may change the nature of the long-run relationship between production, inflation and oil prices, from the very start we assume both the log-run relationship without taking into account a structural break (eq. (4)) and long-run relationship in the presence of structural break (eq. (5)). The first model takes the following form:
where t P , t I denote respectively the industrial production index and consumer price index in selected economies, t B stands for Brent crude oil prices; all variables are in natural logarithms; and the second model has the form: (1%); -3.43 (5%); -3.13 (10%) (ADF regression with an intercept and trend -C and t); ***, ** and * denote significant at 1%, 5% and 10% levels, respectively. Note: ***, ** and * denote significance at 1%, 5% and 10% level respectively; in parentheses the tstatistics are given. Table 3 presents the estimation results of eq. (4) and eq. (5). It is worth noting that for the long-run equation without a structural break only in the case of France the response of production to the change in oil prices is negative ( 0 1   ). Having included the dummy variable for a structural break in eq. (5), except France, only in the case of Denmark the negative response of production is additionally observed and for the rest of countries (Germany, Nederland, Poland, Czech Republic and European Union) the positive response of production to changes in oil prices is found. The response of GDP to changes in inflation is positive too. Positive impact of oil prices on pro-duction can be explained by the monetary policy carried out by the European Central Bank (ECB). While the ECB reacting to the financial crisis in 2008 increased the interest rates and then in recession phase reduced them, the interest rates before the financial crisis were held constant. This may explain why the response of production to oil price shocks (Table 3 ) is positive as suggested by Bernanke et. al (1997) − see comments in Section 1. But the positive response of GDP to changes in inflation can be explained by low inflation rate, near to optimal one (the general price level was comparatively stable, except 2008 when inflation increased near to 4 per cent (increased by 4 percentage points in Euro Zone) -see comments in Section 1.
While in the case of long-run equilibrium relationship without a structural break the cointegration is found for Germany, Nederland and the EU, in the case of long-run relationship allowing for a structural break the cointegration is found for Germany, France, Netherlands, Denmark, Czech Republic and the European Union.
However, the standard cointegration framework (Engle-Granger approach) assuming symmetric adjustment toward equilibrium is misspecified if the adjustment is asymmetric. Therefore, to test for cointegration with non-linear (asymmetric) adjustment, we use the threshold cointegration approach proposed by Enders and Siklos (2001) . In further analysis we use only the results based on residuals from long-run relationship with a structural break in 2008. Table 4 contains cointegration test results based on the long-run equilibrium relationships for production in selected countries in the form of equation (5), when considering threshold and momentum adjustment. We consider threshold autoregressive (TAR) model and momentum threshold autoregressive (M-TAR) model with zero-value of threshold,  = 0, and also with non-zero value of threshold   0 which should be estimated. The table reports values of the adjustment coefficients 1  and 2  , the   statistics for the null hypothesis of no cointegration against the alternative of cointegration with asymmetric adjustment, the F statistics for testing the symmetric adjustment, AIC and Ljung-Box statistics.
The results for the threshold cointegration tests present some interesting relations among oil prices, production and inflation in selected economies. Note: ***, ** and * denote significance at 1%, 5% and 10% level respectively; in parentheses the tstatistics are given; in brackets the p-values are given.
It can be seen that both the null hypotheses of 0
(the null of no cointegration and the null of symmetric adjustment respectively) are rejected for Germany, France, Denmark and European Union. This finding implies the existence of threshold cointegration with asymmetric adjustment for these countries and the EU what means that the adjustment back to equilibrium between production, inflation and oil prices is non-linear. To select the best adjustment mechanism (TAR or M-TAR) the Akaike information criterion (AIC) is used (the minimum AIC is reported in bold in Table 4 ). In case of Germany the M-TAR model with zero-value of threshold is selected, and in case of France, Denmark and the EU − the M-TAR model with non-zero threshold value. Selection of M-TAR model indicates that the direction in which production is moving (its momentum) mat-ters more than whether production is above or below the equilibrium (as in TAR model). It is worth noting that all adjustment coefficients 1 ( and ) 2  have negative signs acting to eliminate deviations from the long-run relationship and are significant for either or both regimes. The point estimates 1  and 2  in the case of above mentioned countries indicate that deviations below the threshold adjust faster toward the long-run equilibrium than the deviations above the threshold (since ).
In other words, deviations below the threshold from the long-run equilibrium resulting from decreases in production or increases in inflation and oil prices are corrected (eliminated) more quickly than deviations above the threshold). These models differ with regard to the magnitude of  terms in regimes (below and above the threshold value. The largest discrepancy between the elimination of below and above threshold deviations occurs for Germany, France and the EU, e.g. for the EU the deviations below the threshold are eliminated at 36.8% rate per month, while deviations above the threshold are eliminated only at a rate of 8.2%.
Although for Nederland and Czech Republic the null hypothesis of no cointegration is rejected, no support is found for cointegration with asymmetric adjustment (since the null of symmetric adjustment is not rejected, see F statistics in Table 4 ). The results for Polish economy show that both the null hypothesis of no cointegration and symmetric adjustment are not rejected, suggesting oil prices, production and inflation in Poland are not cointegrated.
These results showed that the threshold cointegration occurs only for the developed countries (i.e. Germany, France, Denmark) those contribution to the total production of the EU is the highest. This is the reason why for the total EU the threshold cointegration has been also confirmed. Since the speed of adjustment is faster in the lower regime (deviations in production below the threshold), these countries and the EU as a whole have the mechanism that enable them to quickly revert to equilibrium after moving away from it or in other words, economies remain shorter period of time in the regime of slower economic activity. For Poland and Czech Republic belonging to the developing countries with lower level of GDP than averagely for the total EU or developed countries no evidence in favor of the threshold cointegration with asymmetric adjustment has been found.
Granger Causality Analysis form Threshold Error Correction Model
Given the threshold cointegration results found in the previous Section, the next step proceeds with Granger causality test using the momentum threshold error correction model (M-TAR-ECM). In our case, the M-TAR-ECM models take the following forms:
, (8) where
In  denote log first differences of production and inflation in Germany (DE), France (FR), Denmark (DN) and European Union (EU) respectively, t B  stands for the log differences of Brent crude oil prices. Here,
 is the residual from long-run equation (5) for a given country and
are the white noise disturbance. This approach allows us to distinguish between short-run and long-run Granger causality. Since Granger causality tests are very sensitive to the selection of lag length, we apply the AIC criterion to determinate the appropriate lag lengths. It is found that the lag length of production equals 3 and for both inflation and Brent oil prices is equal to one for all the economies.
The Wald F-statistics for Granger causality is employed to examine whether all the coefficients of a given first differenced variable are jointly statistically different from zero (short-run causality) and t-statistics for the 2 1 ,  coefficients of error correction term to test their significance (long-run causality). Moreover, the jointly significance of the  coefficients and all the coefficients of a given explanatory variable is tested in order to indicate which variables bear the burden of short-run adjustment to restore the longrun equilibrium given a shock to the system. Tables 5 and 6 present the results of the Granger-causality test based on M-TAR-ECM models for oil prices, inflation and production. Germany ( It is clear ( Table 5 and 6) that the point estimates of 1  and 2  in all M-TAR-ECM models for t P  have a negative sign but only for Germany and Denmark both are significant (for France and the EU only the coefficient 2  is significant). In the case of France, Denmark and the EU, similarly to the findings in Table 4 , the production deviations below the threshold adjust faster toward the long-run relationship than the deviations above the thresh- 
  
We can see that respectively 24.4%, 51.3% and 27.01% of the production deviations from equilibrium is corrected in the next period when they are below the threshold, but only 5.2%, 23% and 4.4% when they are above the threshold. In other words, deviations below the threshold from the long-run equilibrium resulting from decreases in production or increases in inflation and oil prices are corrected more quickly than deviations above the threshold. However, for Germany, unlike the previous results in Table 4 , the speed of adjustment is faster in the regime with deviations in production above the threshold but on the other hand both -coefficients are similar in magnitude (the hypothesis of symmetric adjustment is not rejected, F=0.853 with p-value=0.357). This rather symmetric adjustment of production may indicate that Germany in general is not negatively influenced by higher energy prices. Although it is one of the important oil importing countries, at the same time it is the leading goods exporting economy with a strong investment goods industry and is currently becoming the leader for some renewable energies and energy efficiency goods. This allows Germany to level off the negative impact of increasing oil prices − see Lutz, Meyer (2009) .
The M-TAR-ECM results for Denmark show that the deviation away from the long-run relationship is corrected not only by movements in production, but also by movements in inflation and oil prices when the production in Denmark is temporarily above the long-run equilibrium. This can be seen by the negative signs and significance of the error correction parameter  are not always significant -see Table 5 .
Summing up, the results from threshold error correction model confirmed the previous findings (Table 4 ) with regard to cointegration with asymmetric adjustment for deviations in production in the case of France, Denmark and the total EU. This can be seen by statistical significance of both or either adjustment coefficients () which are properly signed (are negative). While in the case of Germany the cointegration between production, oil prices and inflation occurs, production adjustments toward equilibrium seem to be symmetric. ). This means that oil prices, among explanatory variables, contributes most to the short-run adjustment to re-establish the long-run equilibrium in the case of all analyzed economies.
Conclusions
This paper investigated the relationship between oil prices, production and inflation in an asymmetric framework in selected European Union economies We tested for the threshold cointegration assuming two types of longrun relationship: firstly, the long-run equation without a structural break and then the long-run relationship taking into account a structural break in 2008 due to financial crisis. While the in the case of long-run equilibrium relationship without a structural break the cointegration was not found (except Germany, Nederland and the total EU), we proceeded with testing threshold cointegration based only on the long-run relationship with a structural break. The results provided evidence that production, oil prices and inflation are cointegrated with non-linear (asymmetric) adjustment process in the case of Germany, Denmark, France and the EU, i.e. for developed countries with the high level of economic growth. Adjustments toward the long-run relationship revert faster when production is below the threshold value and tend to persist more when production is above the threshold. This indicate that all these economies have the mechanism allowing them to quickly revert to equilibrium after moving away from it or in other words, economies remain shorter period of time in the regime of slower economic activity. However, when estimating the threshold error correction models, the findings of threshold cointegration with asymmetric adjustment was fully confirmed in the case of France, Denmark and the total EU.
The estimated threshold error correction models and Granger causality tests provide evidence that there is unidirectional short run causality running form oil prices to production and inflation in the case of Germany, Denmark, France and the EU. Besides, the support for unidirectional long-run causal relationship from oil prices to production is found for Germany, Denmark (in both regimes) and for France and the EU. This evidence suggests that oil prices play an important role in driving economic growth.
In this paper we focused on testing causality using threshold error correction model. In further studies we will concentrate on investigating the relationship between production, oil prices and inflation in the framework of threshold vector error correction model.
we modele korekty błędem. Otrzymane wyniki wskazują, że dla Francji, Danii i całej Unii Europejskiej zmienne te są skointegrowane, przy czym proces dostosowawczy ma asymetrycznych charakter.
S ł o w a k l u c z o w e: asymetryczne dostosowania, cenowe szoki naftowe, kointegracja progowa, nieliniowość, progowy model korekty błędem.
